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(54) MANUFACTURING EQUIPMENT FOR SEMICONDUCTOR DEVICE AND ITS MANUFACTURE 

(57)Abstract 

PROBLEM TO BE SOLVED: To provide manufacturing equipment of a 
semiconductor device which is subjected to clustering and can decide 
whether a treatment condition is proper in the way of a series of 
treatments, and provide a manufacturing method of the semiconductor 
device. 

SOLUTION: A degassing chamber 53 for preheating, an chamber 55, 
etc., are arranged around a buffer chamber 51. An etching chamber 62, 
an annealing chamber 63, a first film forming chamber, a second film 
forming chamber 65, etc.. are arranged around a transfer chamber 61. 
The respection chambers are arranged in a common space isolated 
from the atmosphere. An ellipsometer is arranged in the orienter 
chamber 55. The thickness of an ion implantating region (amorphous 
layer) in a substrate, the thickness of a formed film. etc.. are measured 
with the ellipsometer without exposing a wafer to the atmosphere 
outside manufacturing equipment until a series of processes such as 
film formation, annealing and etching are finished, so that a control 
such as the condition setting of the next treatment is enabled. 
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±ESH3roxa(i. 
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±EB3«)Xac4lJt*fflJ6BBlc*^V»T, ±EB2 
±EB3<&ISTtt. ±CKOB»ftxU^vy-^iC 
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cwjrjs i 4 ] ii*3H 1 1 fcm<z>*m#mm<Dmmji 

±ESg 3 ©igKfcW-^EBtrofffraHJfctttfffljE*! 
HcfcO t>/jN$t»ffliHcntlTt»-5«^IC«. ±E^ 1 <£>X 

s ( c m o x m m © ekk * ff & o ft & © ps m £ k£ ? * x 
[st** 1 5 ] mxm 1 1 85®o*3j^Boasjg* 
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CMf$ift 1 7 ] l 6 E««)¥*frSBOS!jt» 

±E» 3 ©xSK*tt*tt©fl^<&atett**ajEieH J: 
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M o T±IEi« ajE«6H©J»*K:"r * <fc ? X y 9- >i/r 

CI9*3S 1 8 ] IS^JS 1 6 E«0)¥3H*:SB<Z>SSiS:£ 

±E3S 3 05xafc*5tt«)Krojp*roa)|^fii*tjgiE«SH«fc 

5 fe«6<75^P B 1& ig^f-SXa^ $ 6 CfflAT^* d i $ 
»««!:T«iMM**B©«ifi3*ft. 
(§9*JS 1 9 ] IffJfcJS 1 6 ettO¥*tt8B«>8ifi# 
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X«**«»c»B-r*C£fc<3*«L. *Sa&BCigB 

•r^^^X^U ^©B&jMHfcSftTH* (XIK1 : 
Schuegrafb, IEEE/Inlernat ional Reliability and Ph 
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[0 0 0 3] tt*a¥w*gBofii&xB<z>B3 
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■ A. ±E»iroR*Ba^JB2©Sl6B**tr*Hffl 

±E^1 cOSJ^^t^2(7)S^<h<75PBl-C^X/N 
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[0 0 19] ±8B**i*:SBO«j6*felC*Jt»T, ±E 

m3 0xg$ff/i^fic7)^x/N{-«. T^-r^->^a 

1E13 0I8C. Ttttt-f *>a*ttASftT#»Kfl: 
Ep2rf6]K£tttt35rl*]) CMLtllV>fctmiXOll£ 

«JS*A£l,&4:*K:. *fc<£t>cos ASaJTr** 
f«;^i, ±Eaj£3fc©««*Bfl2*tfT, 
±Ecos AOX^? h^Sffltti^f y^t, ±E4> 
£<<fct>cos L<Ti7.^ bJVCOmVtiZS^X. ±E< 

[0 0 2 0] C^ftlCiO, ^RiiTttLT^ffi^tl 

T, cos A©X^i7 ^0»KA<ll!iRftRKOKS? 

# WTCM'tft C t A< ■5116 1 fc -6 . 
[0 0 2 1 ] ±E¥«{MkBeWB#&lc43*>T. ±E 
IR 1 ©XfiTtt<*>ffiAS*«*rr*£XA±©»* 
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[0 0 2 2] CO^ffilC^O. ^©RBS-^TEMS?© 
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[0 0 2 7] ±E®2 CliS^lAifflJgi: K7<I 
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•y > jrUH £ ^t^Ii £ $ 6 (CIS « C £ *»T # 

[0 0 2 8] ±Ej»3©X8K*H7*±Ell©J**<0«l 
±ESS 2 COXaiC*5^T±l2^£fflIEISHroJ¥^-^f -5 

[0 0 2 9] ±I3JB 3 ©XSK:*W-*±E*t©J**©« 
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±EJS 1 OXStR-3TifillD«>JSfiII*ff«c5 fe»OWrW 

[0 0 3 0] ±E* i 9i/\o*l#lo±i: 
i-U^ Kffl&il^MTSIliL, ±Efl2©X 
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xa»c*^»rBi*aa»wt«36-r«xa*s6K: , b5W 

[0 0 3 1] g-fc. ±e¥**KB«>ttB:&&lC«<r» 
T, 12® 1 ©xa&?XA±©&K: K5-fl7f>^* 

jrrxatu ±ESi3©xaTti. ±l2x->^>^$ 
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[0 0 3 2] C©«£»Cte, «T©«fc?&?t^Wfi'I;££ 

[0 0 3 3] ±12® 3 ©XS»;:*W*K©J»*©Mjeffl[ 
dijSlE«H«t K> fc**nfflcn*vri,»**£l;:tt. ±E 
m 1 OXa»CSt>T±82K£jiiEiREfflco]p*.lc-r-5«t-5 

x ? > 9t * fc* co p$f b i £ kjtt * xa £ £ 6- E IS 

[0 0 3 4] ±E®3©X8K:tett<5flg|©/?#.©fiiJ£fH 

vf&m&ftu o tz#><r>m?& £is^-r sxa£ $ •=> icssw- 
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[0 0 3 5] ±K¥##g«©«jB#ftC*$<,»T. ±E 
jB 3 ©XSC*ttSfltOJW*©«J£«tf*2IjE*&H <t 0 & 

[0 0 3 6] 

[0 0 3 7] Hltt. ¥SJ#&B©SSiggEB 5 0 C0«5fi)c 
&iaWl:*t^0 7^1T«5. ISJEItC&OT. 5 1 
li/\'777ft>A, 6 ltth7>X77ft>rt, 6 
0a. 6 0b«A777ft>A5 lih7>X77f 
V >A'6 1 tOBCRftSftty- HSf ft^tlST. 
A'777ft/A'5 l©/^B{Cte. ^XA£^XA7J-fe 

-Kl52a, 52bi, K^X^igtiffi-T^BW 
T£XA©^ffitD»£fT&5fc#©?#X3 1 -\'>A*5 3 
<h. XJHft>/\'5 4i. 9l/\Ot'J7 7fti'^S 
^ t L T ? XA <75#& £ IS3t T £ £ # © :* 'J X > - £ 

h7>X77fV>/t6 lCO^ffltCtt. ^XA_k 

7?>^ft>A6 2t, ^XA»C«kffia*lfi-rfc*«) 
7r-Wt>A'6 3t, r7XA±(CC VDtCJ;-5^£ 
^fi£-r^fe*©^iggJK5 1 ^>A<i:, ^XA±fcXA-y 
9 0 >9\z£2>m$:mi&TZ>fzlst><nWZ2l$.S&3 L *>rt6 
5i*«EHSnTt»S. T&fc^. §ft>A*5 3, 5 
4, 55, 56, 62, 63, 64, 6 StfXm.fr 

[0 0 3 8] CCT. *^BJ©«p®«. tUl>^-f 
r>A'5S (S5Wt A , 777? 1 t>A'5 1, b7> 
X77ft>A6 1, D— H • 7>a— h*£ 5 2 a. 5 
2 b. r^fV>A5 3, X;Hft>A'5 4, fcL 
<it9-<J >i/7 c r >A5 6) &£©*cfflffiW!rt©— « 

ic x u y v * - * & t* <d it ^mwm^m. ^sets $ nt t> 

[0 0 3 9] TTSt)^. $m, T--)V, X.y?->>/^ 
<D — M C0 1 P -fe X tfjft T f ^ S "C O X A £ Si if & B fl- © 
>:mtc*^-rii<i:7tc< . -ecop^cor7XAcottfig (g«p*q 
C0-f^->aA®^ (7t;i-77Xl) co®^.-^. pKffiU 
fcBIco W*«c <h* £ x U y y - ^ tc j; 0 ajST 5ii 
T. *OfiIOfl(r*. ^KXa»Ct3tt-5SaSft#0^ 

C0^{b£§^^^ttagT^X/NCD«Sg£i|i)^-r-5 
■C S -5 J: 5 IC tBfi£ S tlT c » -5 . 
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(0 0 4 1] 0 2«. ^x/\ 1 1 ±(D-r^->ttApS^l 

ftft&2 3\Z\M21*:T, ##Lfc*<e>. f-ff^- 
2 4tC«fcOS-^SICtJtti,Sm®»T^N = n- i k €ff 



[0 0 4 2] ifclC. **«S»a8T«fflLfc»3tXUyy 
* h'J<Oj|ISiRa»CO^TIttWr*. ±12111 2 d^T? 
X/M 1 skCDX eft<7>A#tft£r>XA±ffi©?fegji<!:0& 

N = n- i k«. Tiea; (i) , (2) ttsn^. 

(0 0 4 3] 
Kl] 



n 2 -k 2 = sin 2 9 



1 + 



tan 2 8 0 (cos 2 2 1 ? -sin 2 2Wsin 2 A) 



(l4-sin2"ycosA) 2 
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2nk si " 2 8 o tan2 6 0 sin4 - ysinA) 
(l + sin2 1 ?'cosA) 2 
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[0 0 4 4] Z\Z\X\ V\tp&c.fttsf&ft£<DfflV>M<la 
KM^it*. Att±fBpfi&#£: sfi£#<t<Z>F B l<73&t§M£ 
^■n^tl^-T. T&fc^, Slt3tcr)tan V, cos A£®] 
^T-SdctfCiO. 5£ (1) , (2) *»5#tt*K:fct* 

stm©wtt«*r^^*kog^«*jB9r*N (= 

n - i k) *^ii)^n-5. 

[0 0 4 5] fLT, SD^(7)*-5!^g^*5^-5n, k 

<z> x ij 7* y * — ^ a* m as $ ti t << > -a . 

[0 0 4 6] *ttJ3t*JCt»«fiieHK»3ttbTX 
h'Ji:«tOMfit«TOn, k^ftii 

h 'J C<fcoTf#«=>*l-5cos AOX^? h^JgttSfiJfflf 

[0047] iictc. co^jg&e^ffl^iTfT^^nss 

[0 0 4 8] (JB 1 OgiMMm) ^FM 
4&<*>WttA&OT7x-;UI@<75®S#f£KO<,>TIft 

SC7X/\d«. droSJjfi^EOD— H • 7>p— KS5 2 
^•V >A* 5 5 (CtJt^T'f t>SAM® (T^EJUy'yT. 



— b 6 0 afr^ h5>X77ft>A6 1 lc£ie>tl5,, 

•et/t, tx— ;i/^-\->A*6 3(^tc-tr-y a 
A*nfcJF««*gttfl:r*&»©7 , =-;P (R T A& 

-r>A*6 h6 0 b£iilTi7-',l >2'3 : •■\'>A* 

56I::M^^*^. I i7XA*i+^)^ai$nT^'B.^-UX>^ 
-ftW?5 5l:»XSnT. mifiOX./W-i t>ftA 

[0 0 4 9] Tfc*>5. **K»*Ttt. TX-jUfcfr 
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'J X >A 5 5 icUOtttt'itlfcfrftXU 7*y 

ffilCJ; t> Tt# 6 ft* -f * >ttA««©ttte»=RIT*B« 

[0 0 5 0] 0-3 «. -f*>ttA*fToTt^«CV^>'J3 
>SS^6<DK^3tC0tan VRZfcos AOX*.? 

-"2f. E4«iSSa^if€tlWl'^->aAS-fTofc 
U n >Sffi*^WSI*7tCDtan ^Rtfcos A£>X 
s*-t> h^S^f. EUOcosAOX^? b;i/$£ia3a>c 
os A<DX^i7 MH§|3 Attttfc-f -Sift 
->U 3>»»aC^««lS K-7f*£. cos A<Z>X^ 
^hJUJgttte. *aAW<h^rox^i7 hJl^3 At^Jt^ 
&i£gng*£ (4 5 0 nm~8 5 0 nm) TftWffliHC^S)) 

(0 0 5 l] E5«y ; e;i/7rx->uri>^{c*fLTa 
AI^M- £2?*./ti:£<E>cos A<DX^ h;UJ&#CD 
tzfZL. ^F1fc®i-1*> (AsO <D K-X* 
fti4X10 ls cm- ! T*5. 12 Sfr<it>fr2><ii?\Z> 
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fi (tix(J6 3 0 nm) (C*5tt-5cos A. tan V&m 
SLTfc, &AX*;m?-#i@ALT*>. cos A. tan 

[0 0 5 2] 0 6te. ^TtX'jyy^ MJtetCfc-Scos 
A. tan ^OX^? MUffimS-WfflLT. &1SAI^ 
(20, 30. 40, 50 (keV) ) t-f 
^>SASi (7t^7 77i) (DmZhttDm&Z^-T 
#14 BIT* -5. CWUe^-^te. Ei 5 Ktk-T&Ax 
(20, 30, 40, 50 (keV) ) \Z 

■z>^x. mmm^mx'^ *>izxmmv>»?f-$:Mjg.v 

T. cos A. tan h )Vl&W:L&.Xfai$.<DmZh 

OS 9. -< 5*->ffiAS«OJP*C^Ufccos 
A, tan ¥0X^ h;i/^tt<D«qS/t^— 

s AlfWX^ h;UJIM*£dOTS*i/1*->£lt«rr3 
06l;lt TEM, TRIM (ff-g) tCJ:-5) 

-5. 03^6^4*51:. #*86»!8C«-5#3fcX"J 
^ h l Jfti:ioT*fte.n5i£AI«oj?*tt. Sh 
**±Ot>TEM»CJ:**«Mt*K:ifi<. 

[0 0 5 3] H7lt -ft>itAl^M-S4 0 (k 
eV) t-3£tcbT*3^. ftAfi ( K-XS) £2. 
0. 2. 5. 3. 0, 3. 5, 4. 0 x 1 0 15 c nr*CD 
5 ©PgT-SHfc S i*t i: * OS AS t £E AS^ro/?* <i <D 

AfBdfchfc-rSfl-ftX'J 7y * h UCDcos AS?<DX^ 
K;P^tttaA®^(Dj?*OT^aiJMico^jS:|S^$^* 

(0 0 5 4] tt*U E!6&tfEI7 l:gff-^*#5 

less? l . -> u 3 >ss«^d6 p m^azmi k - y $ nt 

piv'j3>|gS«K 0. 0~1 

5 . 0 (Q ' cm) . S&SOHtA^ttt* (10 0) T 
St. aA-f*>lil/tttAst £ffl<^, SA 
I^-$2 0~8 0 (keV) ORUT^*.. ttAI 
$2~4XlO'*cm-'ffl0T^T^. St. Kit 
fit. 2 5 0~8 0 0 nmCDflSHTfTcT^S. 
[0 0 5 5] St. i8ll »7tXU ;* h UttCfc 

Sr*T0-CfeS. fcfL, Ast «:ttAX^;U4 : -4 0 
(keV), K-XS5 x l O'icm-'O^tttaAL 



T&OEl*)^— ttteO." 15 3%TiB4. Sit. IsJElW 

(-) x^-rmmtm<ti-DX^^^7^)vy 

7X{tUT^-5ng«T<&-5. cwj^&ft-ftxuyy* 
h 'J ttC J: 5-f *>ffiA<H«©J»*©Srt^—ttiWfiC 

[0 0 5 6] -5-UT, -f sJ->ttA»*0>J**K:H-$--5* 

hiz>V— (CT. i»-C»3t©WIHl*«< •£><*:. ifctf) 
X^y ytCiltJ«k 3 &*SC*«ffl LT^S. 
[0 0 5 7] Lfc^oT, i6. 0 7<7)^-^Sf<JfflL 

5lfCffiML-T*5< CiCfcrj. $Igt$57r-Aj5l 

a©Aft*aiEfc*s-r*c<t**T**. seas 
[0058] &\z, *mffi&m<njjmz£2>}z, z.<n& 

«fc0. f^Xft>A5 3T"?X/\^®{C©»^tlTt^ 
[0 0 5 9] Sit. 7--;HCfgb"f. t'<TC7'Dt 

[0 0 6 0] &*3. h i 5 o tc. 

$ e-TC<t:&< 9lA©-( ^•>ttA®«««S8^eiai-C 
#*<OT. £9IEtefctt¥W8J£#i>rfi6<t:fc-5. St. 
7 --)Vm \Z X y J- > ^ r >/N* 6 2 T § ftUBJUK * » 
*LT^6^-'JX>^— WN*5 5T?7t^et)a'J^SrfT 

coo6i] ^(c. 7x-;u^jcii^5)'r^->aA^ 
[oo62] la 9 ~0 1 o tt-E-n-ens-Htc^-r^^T 

ftx'J yy^c h Uffifcj;^tan V, cos AWX^? 
[0 0 6 3] 0 9 1 0 iSrtfc^T-Si. BI9<7)X^ 

aatf«*fi«R c ©flE^IH'^T**. ca: 
<h«. t<t^.«EI9 (C*3tt-5acS3 0 0 nmfCfelt^co 
s A<7)<!<fc 0 fc0 1 0 »Z*5«--5|5|i;KfitC*5tt-5cos A 

U =i vSffii&T^E^y rxfb^-tttc < v> 
ci*'b*>5. :cc, ei 9 1 0 tc*-f 

^fft^tfciJE-rst. ei i o \zfp-t0km3.mffi®m&± 
g<>\&i!itfi>mm<Dnm&X'&z>. -rtit^%. 01 o\z 
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>ffi A \Z «fc r> X 7 =E )V 7 7 X ® tfttAKg (C IeII U «t 5 
6 7x-;i/j»£a<fca*5 Clefts. Lfc^oT. 7 

mm (y-x • kh>s«) ©a«#tt£©H«** 

*SI^T*3< CtKcfcO. 7x-;U*fr£»iEl;:«8El, 

CO 0 6 4] L^fe. 7X-yUXg<h#:<Z>Xg<!:<0fiS!-e 

[0 0 6 5] (ft 2 <D$ZM&m) frlZ. 0 1 IC^-T^ifi 
SI 5 0ftT'fT&fcnsXAy*'J>^XgCD<g : Jl7j?£ 

[0 0 6 6] CO«iS««tffl«r»T. MA«±IBJII1© 
■7XA#7;tfX7i'>A5 3x-^ffimmz 
BI7r >A6 SrtK-fc-;/ KStifcML ^i/\±i:^II 

t'Jl>^-ft>A5 5T, ^l«0^£fflt) 

[0 0 6 7] LT. ^JRK©J5*tCWr-5ffifai*<#6) 

IiOfttt#RS*ft4. 7&fc-£. iESV7h*>« 
XgO&El&fr^.hA^ 3*1-5 £. @Ki6<J(C-t >+»— 7)i 

fe«i)cox-y^>^$ff75coxgTfen«. sp^wicf** 
xy^>^wiw*«»«an*. set, <fcxga<&jRjji 

[0 0 6 8] ««©AH***5F£UTt»*«^C 

[0 0 6 9] LActfoT, XA y * 'J >^XST?JBfiK$ 
0. #XgT&£Xy^>^Xg^&«>iaXg<7)&tt:£ 



[0070] mz, *&m&m<njjmiz£z>£> :©«t 

«t0. Ml&i'fttz&fcmti.iitoi&mo&mizXn.'pm*. 
fl-*>#xa<»»Lfc0. £&BMfc«to<»fi£S ft* 

[0 0 7 1] **M^^T-«. 7>ny*V>if\Z 

[0 0 7 2] (f%3<D&mmm) mz, Hicstaa 

SBrtTfrfc tins X y 7- > ^iSCfl* SCWr & 

[0 0 7 3] C©«iS»«*fflO»T. «A«±B«2© 

K€ -x >yt5 £ ©fc»©x y 7 > jr £frfr o 
i*tt. -7XA*i7 : ^X7^>/\'5 3TMHMlH!!i£tlfc 
X;U-7^>/\*5 4$riHT. y-h6 0a*>5h5 
>X7 7fr >A*6 1 K:M<=>ft*. tUT. Xy7>y 
7-v >A 6 2 rttC-fey hSftfc*. 4M©lvf>i' 
*<fi7«cfcft*. i^>Wig7LfcifliS 
niii, ^-U>7*7A->A*5 6<£ST^'JX>^-7 
t>A5 5T, JR*MHH*«)tftfiSffl^fcXUyy^- 

7^t)^, -feEfm<D3i-y7>?&'frtz-3tz'&. =r—9 

filers. 

co 07 4] -eux. **r^**«K:*«««)aBi** 

«&*«£•{::«. BSlyf >yft>A'6 2C7XA* 
Rl/TfiflOXy^>jr*fT&S. 
CO 0 7 5] 4jBi^>^o«*i:il. 

CO 0 7 6] X-y7>^U-K ai|)£LfcMJ5. 

to o 7 7] (*<nmo&Mmm) ±&&nmmmx 

tt. X'J7y^-^€r^-'JX>^-7v>A5 5Xtti7 

-u >y?t >/n'5 6 \z®.otftfz>£oizLfz&> «aa 

CO 0 7 8] 
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[0 0 7 9] *f8*©*SW*««<0Ha*ffiJC«tntt. 
(Hljg^. ^<D|g<75^&<Afg£<&6&lt£0*c:£a<T£ 

[0 3] aw©*je#iB-efTofc*»cj:3x-*-c* 

[04] &w<D$iMmmT''tt-Dtz&mzj:z>7 : -5'T'$> 
a<ox^ h;i/£-e-*v?n^-r0-e&-5. 

[0 5] ^Bj<75^Sg^Sgt?fTofc*^^J;^T : -^T-$) 



h;u£^-r0-e£>£. 

[0 6] %m<n&mBt&-V?ritzmmz&Z7 : -2T'& 
oT. SSiggOK *>aA£-€-OT&AX*JM?-£&* 

h;i/$jK-T0T$)-5. 

[07] SBl^JgJgagOx-^-e&oT. #fti'J:/ 

y* hij»c e k^arj^-e«e»nfc-r^->aAfi<i:'f 
[08] f^KD^mmmcD^-^-c&ox. »jtxuy 

X A ft ^ — ft £ ^ T 0 T * -5 . 

[0 9] 3f5l©*16*»C*tt*7 s -^ , r*t>T. Btt 
<73-f 7j->£A^g£ffl<^T 1X1 0 l( cm- ! ^*>a 
ASrmnSt^^6 1 5<iA-Cffot->'j3>*ftRjfi«C 
*5tt-S>cos A, tan ¥£>X^:? h;UT$>-5. 

[01 0] SfSlcD^M^ffiKfcttS^-^T-c&oT. B 
tt<7M3->aA&M£ffl(/>T 1 x l 0"cm-W*> 
ttA*f«tfK2 0 0 0 m ATffofcS'y n>|MfcRfiH 
«lC*3it-5cos A, tan Y©*"^ WUT?**. 

1 1 flA 

2 0 X e 3taS 

2 1 mx* 

2 2 

2 3 #3fcfg 

2 4 5*w J- 9 5 — 
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